Climate change and its effects on urban spaces in Chile: A summary of research carried out in the period 2000-2012  by Monsalves-Gavilán, P. et al.
Atmósfera 26(4), 547-566 (2013)
Climate change and its effects on urban spaces in Chile: A summary of  
research carried out in the period 2000-2012
P. MONSALVES-GAVILÁN
3URJUDPDGH0DJtVWHUHQ3ODQL¿FDFLyQ\*HVWLyQ7HUULWRULDO(VFXHODGH&LHQFLDV$PELHQWDOHV 
)DFXOWDGGH5HFXUVRV1DWXUDOHV8QLYHUVLGDG&DWyOLFDGH7HPXFR&DVLOOD'7HPXFR&KLOH
Corresponding author; e-mail: pablo_monsalves@hotmail.com
J. PINCHEIRA-ULBRICH
/DERUDWRULRGH3ODQL¿FDFLyQ7HUULWRULDO(VFXHODGH&LHQFLDV$PELHQWDOHV)DFXOWDGGH5HFXUVRV1DWXUDOHV8QL-
YHUVLGDG&DWyOLFDGH7HPXFR&DVLOOD'7HPXFR&KLOH 
3URJUDPDGH'RFWRUDGRHQ6LVWHPiWLFD\%LRGLYHUVLGDG'HSDUWDPHQWRGH=RRORJtD 
)DFXOWDGGH&LHQFLDV1DWXUDOHV\2FHDQRJUi¿FDV8QLYHUVLGDGGH&RQFHSFLyQ&DVLOOD&&RQFHSFLyQ&KLOH
F. ROJO MENDOZA
'HSDUWDPHQWRGH6RFLRORJtD\&LHQFLD3ROtWLFD)DFXOWDGGH&LHQFLDV6RFLDOHV 
8QLYHUVLGDG&DWyOLFDGH7HPXFR&DVLOOD'7HPXFR&KLOH
Received April 25, 2013; accepted June 19, 2013
RESUMEN
Se sistematizaron los efectos asociados al cambio climático sobre los espacios urbanos en Chile entre los 
DxRV\(OPpWRGRVHEDVyHQODUHYLVLyQGHDUWtFXORVFLHQWt¿FRVHQWUHVEDVHVGHGDWRV6FRSXV
Web of Knowledge y Scielo) mediante el uso de 32 palabras claves. Los resultados mostraron sólo 14 inves-
tigaciones que relacionan el cambio climático en espacios urbanos, la mayoría de las cuales fueron estudios 
de casos centrados en la capital nacional. Los principales efectos sobre los espacios urbanos se basaron en 
FXDWURDVSHFWRVLQFUHPHQWRGHWHPSHUDWXUDLVODVGHFDORURODVGHFDORUSUREOHPDVGHVDOXGHQOD
SREODFLyQPiVYXOQHUDEOHFRPSOLFDFLRQHVFDUGLDFDVLQVRODFLyQHQIHUPHGDGHVUHVSLUDWRULDVLQFUHPHQWR
en la demanda de agua y 4) daños en la infraestructura urbana con el consiguiente riesgo para la población. 
Ante este fenómeno se requiere: 1) la incorporación efectiva de los posibles impactos del cambio climático 
HQORVLQVWUXPHQWRVGHSODQL¿FDFLyQWHUULWRULDOLQFUHPHQWRGHODViUHDVYHUGHVTXHSHUPLWDPLWLJDUORV
impactos de las olas de calor, 3) limitar la construcción de viviendas o servicios públicos en áreas de riesgo, 
4) incentivar el diseño de planes de adaptación haciendo participe a la propia población vulnerable y 5) 
implementar medidas de conservación del agua. Se concluye que el cambio climático está generando en los 
espacios urbanos efectos que deben considerarse para el diseño y expansión de las ciudades. 
ABSTRACT
We have systematized the effects associated with climate change on urban spaces in Chile reported between 
DQG7KHPHWKRGZDVEDVHGRQDUHYLHZRIVFLHQWL¿FDUWLFOHVLQWKUHHGDWDEDVHV6FRSXVWeb of 
Knowledge and Scielo) using 32 keywords. Only 14 research papers were found related to climate change 
in urban spaces, most of which were case studies focused on the capital, Santiago. The main effects on urban 
VSDFHVZHUHIRXQGLQIRXUDUHDVLQFUHDVHLQWHPSHUDWXUHKHDWLVODQGVKHDWZDYHVKHDOWKSUREOHPVLQ
YXOQHUDEOHSRSXODWLRQVFDUGLDFFRPSOLFDWLRQVKHDWVWURNHDQGUHVSLUDWRU\GLVHDVHVLQFUHDVHGGHPDQGIRU
ZDWHUDQGGDPDJHWRWKHXUEDQLQIUDVWUXFWXUHZLWKUHVXOWLQJULVNWRWKHSRSXODWLRQ,QWKHVHFLUFXPVWDQFHV
WKHIROORZLQJPHDVXUHVDUHQHHGHGHIIHFWLYHLQFRUSRUDWLRQRIWKHSRWHQWLDOLPSDFWVRIFOLPDWHFKDQJHLQWR
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WHUULWRULDOSODQQLQJLQVWUXPHQWVLQFUHDVHGJUHHQDUHDVWRPLWLJDWHWKHLPSDFWRIKHDWZDYHVOLPLWLQJ
RIKRXVLQJRUSXEOLFVHUYLFHVLQDUHDVDWULVNHQFRXUDJLQJWKHGHVLJQRIDGDSWDWLRQSODQVE\LQYROYLQJWKH
YXOQHUDEOHSRSXODWLRQDQGLPSOHPHQWLQJZDWHUFRQVHUYDWLRQPHDVXUHV:HFRQFOXGHWKDWFOLPDWHFKDQJH
is causing effects in urban areas that should be considered in the design and expansion of cities.
Keywords: Urban planning, green infrastructure, vulnerable population, global change.
1. Introduction
Knowledge about global climate change has in-
creased considerably in different environmental 
disciplines and dimensions; however, it is apparent 
that it was only from the year 2000 that research work 
and programs addressing this phenomenon spread 
PRUHVWURQJO\WRFLWLHV:LOEDQNV7KHRYHUDOO
SDWWHUQRIVFLHQWL¿FUHVHDUFKVKRZVWKDWDIWHUWKH
QXPEHURIVFLHQWL¿FSXEOLFDWLRQVJUHZVLJQL¿FDQWO\
with contributions in more than 2000 journals, the 
USA being the most productive country. Of the 
30 843 articles published between 1992 and 2009, 
98% were published in English, 0.62% in French, 
0.46% in German, 0.19% in Russian, 0.17% in 
Spanish, and 0.17% in Chinese. The most important 
themes were the study of temperature change, and 
more recently the risk produced by greenhouse gases 
DQGWKHULVHLQVHDOHYHO/Let al., 2011). This volume 
of articles contrasts with the smaller number of re-
search works carried out in urban spaces world-wide, 
in Latin America, and particularly in Chile, which 
suggests that we face a great challenge in planning 
and organizing these spaces as the urban population 
continues to grow. The Plan de Acción Nacional de 
&DPELR&OLPiWLFR1DWLRQDO&OLPDWH&KDQJH$FWLRQ
3ODQ3$1&&&21$0$SURSRVHVWKDWWKH
country’s cities and regions must adapt to meet these 
changes; indeed, it states that all or most of public 
investments, especially in territorial infrastructure 
and equipment, must incorporate the viewpoint of 
climate change to ensure they will be able to toler-
ate possible variations in climate which may limit 
WKHXVHDQGGXUDELOLW\RIPDWHULDOVXVHG&LIXHQWHV
and Meza, 2008). For this policy to have any effect, 
KRZHYHUVFLHQWL¿FWHFKQLFDOLQIRUPDWLRQDWDORFDO
VFDOHLVUHTXLUHG%DUWRQ:HWKHUHIRUHQHHG
WRLQYHVWLJDWHWKHSULQFLSDO¿QGLQJVRIWKHVFLHQWL¿F
community on the relation between climate change 
and its effects on urban spaces in Chile. 
The aim of the present bibliometric analysis is to 
GHWHUPLQHWKHVWDWHRIVFLHQWL¿FNQRZOHGJHRQFOLPDWH
FKDQJH LQXUEDQVSDFHV LQ&KLOH ,QSDUWLFXODU 
we systematize knowledge on the effects of climate 
FKDQJHWKURXJKELEOLRPHWULFDQDO\VLVRIWKHVFLHQWL¿F
OLWHUDWXUHSXEOLVKHGEHWZHHQDQGDQG
we offer indications for urban planning based on 
VHOHFWHGVFLHQWL¿FDUWLFOHV ,Q WKLVZD\ZHKRSH WR
manifest the need for research in this area, and point 
to research challenges for the future.
&OLPDWHFKDQJH$JOREDOHQYLURQPHQWDOSKHQR-
PHQRQZLWKORFDOFRQVHTXHQFHV
Climate change is one of the principal environmen-
tal phenomena of modern society, with global con-
sequences that represent a great political challenge 
for both developed and developing nations. The 
principal tasks consist in mitigating those human 
actions that contribute to this phenomenon, and 
promoting adaptation to changes which go further 
WKDQWKHFOLPDWHe.g., social, economic, and polit-
ical areas).
Despite the existence of research on climate 
change since 1896, when the Swedish scientist Ar-
rhenius stated that burning fossil fuels might cause or 
accelerate warming of the Earth, it was only in 1988 
that the theory of the greenhouse effect was recog-
nized, and the Intergovernmental Panel on Climate 
&KDQJH,3&&ZDVHVWDEOLVKHG0DVOLQ
Although the existence of this phenomenon is 
not questioned, its origin is. Discussion centers on 
whether climate change is of human origin, or is 
due to natural transformation cycles that affect the 
Earth. In the context of this debate, it is argued that 
the effects of the phenomenon are due to an increase 
in the quantity of greenhouse gases, of natural and/or 
anthropic origin, which cause a “greenhouse effect” 
and warm the atmosphere. Despite the dual origin 
RIWKHVHJDVHVLQWKHYLHZRIWKH,3&&WKH
phenomenon is due principally to gases of anthropic 
origin, especially the increased volumes of carbon 
GLR[LGH&22), emitted principally by the combustion 
of fossil fuels. This international organization consid-
ers that the connection established between intensive 
human activities using coal and petroleum since the 
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pre-industrial era, and the increase in temperatures 
that leads to climate change, is highly trustworthy 
,3&&+RZHYHUDGHJUHHRIXQFHUWDLQW\VWLOO
exists about what will happen in the future, basically 
as to how the atmosphere will respond to this warm-
LQJSURFHVVDQGZKDWLPSDFWVLWZLOOSURYRNH0R\D
et al., 2005).
Recent reports indicate that the impacts of global 
warming are tending towards the most severe scenario 
SURSRVHGE\WKH,3&&i.e. an increase of 5 °C 
in the temperature and a rise in sea level of up to one 
PHWUHE\WKHHQGRIWKHSUHVHQWFHQWXU\7KH
consequences of this would be a reduction in the sup-
ply of drinking water, increase in heat waves, increase 
in torrential rainstorms, and more frequent and longer 
periods of drought. It is also proposed that an increase 
RIRQO\&FRXOGFDXVHWKHGHVHUWL¿FDWLRQRIWKH
Great Plains of North America, the disappearance of 
WKHJODFLHUVLQWKH$QGHVH[WHQVLYH¿UHVLQWURSLFDO
IRUHVWVOHDGLQJWRDIUHVKLQMHFWLRQRI&22 into the 
atmosphere), the elimination of coral barrier reefs 
and the extinction of one third of all the species on 
WKHSODQHW,3&&)URPWKLVYLHZSRLQWZLWK
a potential rise of 3.5 °C, the world’s physical, bio-
logical and social systems would be unable to adapt 
WRFOLPDWHFKDQJH2WW&ROZHOOet al., 2008). 
Many of the consequences of climate change can 
already be observed today on a global level, including 
most notably hotter days and nights, increased heat 
waves in many parts of the world, increased frequen-
cy of torrential rain, increase in droughts all over the 
world and a rise in the sea level in some parts of the 
planet. The impacts generated as a result of these cli-
PDWRORJLFDOHYHQWVDUHH[SHFWHGWRKDYHDVLJQL¿FDQW
effect on society, the economy and the environment 
218+$%,7$7
Although it is possible that population will be able 
to adapt spontaneously to the processes of climate 
FKDQJHVXFKDVWKHULVHLQWHPSHUDWXUHDVLJQL¿FDQW
percentage will be vulnerable to these phenomena 
0F0LFKDHOet al., 2008). Research indicates that the 
groups most vulnerable to high temperatures are 
the elderly. This is a cause for concern in countries 
with ageing populations, such as Chile, where the 
population projections of the Instituto Nacional de 
(VWDGtVWLFDV1DWLRQDO6WDWLVWLFV,QVWLWXWH,1(>@
indicate that 15% of the population will be aged 65 
or over by 2020. It is therefore necessary to draw 
up public policies which consider, for example, 
appropriate planning in cities and other high popu-
lation density areas, to ensure that dimensions such 
as urban design, housing, transport, etc., will enable 
the effects of climate change to be mitigated.
Many countries around the world are developing 
or have created national plans to avoid or mitigate 
many of the problems associated with climate change. 
Such plans are well advanced in countries in the Eu-
ropean Union, including the UK, as well as Australia, 
-DSDQDQGWKH86$'LFNLQVRQDQG%XUWRQ,Q
Latin America the most advanced country in this re-
spect is Mexico, where the legislature recently passed 
WKH/H\*HQHUDOGH&DPELR&OLPiWLFR*HQHUDO/DZ
on Climate Change), which establishes a reduction of 
30% in carbon dioxide emissions by 2020, and 50% 
by 2050. The country also expects to produce 35% 
of its electricity from renewable resources by 2024 
/*&&
&KLOH UDWL¿HG WKH8QLWHG1DWLRQV )UDPHZRUN
on Climate Change in 1994 and became part of the 
Kyoto Protocol, thus the country shared the global 
concern generated world-wide on the subject of 
climate change. In this regard, several studies have 
been carried out by technical and governmental 
RUJDQLVDWLRQV LQFOXGLQJ WKH3$1&& &21$0$
2008); the Estudio de la Variabilidad Climática en 
&KLOHSDUDHO6LJOR;;,6WXG\RQ&OLPDWH&KDQJH
LQ&KLOH LQ WKH VW&HQWXU\ >&21$0$@
and /D(FRQRPtDGHO&DPELR&OLPiWLFR HQ&KLOH 
7KHHFRQRP\RIFOLPDWHFKDQJHLQ&KLOH>&(3$/
@7KH3$1&&GHVFULEHVWKHFRQVHTXHQFHVRI
climate change and explains the principal strategies 
IRUDGGUHVVLQJLWDGDSWDWLRQPLWLJDWLRQFUHDWLRQDQG
strengthening of national capacities). The Study on 
Climate Change in Chile in the 21st Century studies 
two aspects: an analysis of the climate scenarios 
observed at the end of the 20th century, and the cli-
mate projections for the different regions of Chile 
in the last 30 years of the 21st century. Among the 
main conclusions of this study, it is suggested that 
there will be a general reduction in precipitation in 
the country by up to 40%, a temperature rise in all 
regions, and major impacts on water resources that 
may affect the country’s hydroelectricity generation 
FDSDFLW\&(3$/PDNHVDQHFRQRPLFDVVHVV-
ment of the potential effects of climate change on 
the forestry and farming, hydroelectric and drinking 
water sectors, which is useful for understanding 
their relative vulnerabilities. It thus provides vital 
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information for designing adaptation programmes 
according to the needs of each region and produc-
tion sector. The report’s conclusions indicate that 
the effect on the forestry and farming sector will be 
positive or negative, depending on the region and the 
type of production. It is expected, for example, that 
changes in land use will modify and redistribute the 
country’s forestry and farming production, which in 
turn will transform the demand for labour. In terms 
of hydroelectricity generation, capacity is expected to 
fall by up to 20%, which translates into losses of up 
to US$100 million per year. As for drinking water, it 
is expected that the decrease in resources will oblige 
the water companies to incur costs associated with 
changes in their infrastructure or the purchase of 
additional water rights to meet demand, which in the 
long run will result in these costs being transferred 
to the users.
Many of these problems related to climate change, 
and the discussion about plans for public policies 
to deal with them, become more complex when 
considering the trend of population to become ever 
more concentrated in cities. Today, urban zones have 
become the predominant inhabitable space, and this 
trend is growing ever stronger. From this point of 
view, the consequences of climate change in urban 
spaces must be considered, since high population 
density may further aggravate the effects of this 
environmental phenomenon.
(IIHFWV RI FOLPDWH FKDQJH LQ XUEDQ ]RQHV DQG
KRZWRUHVSRQG
The effects of climate change in urban spaces may 
be summarised as follows: increase in energy de-
mand for cooling in public and private buildings 
.RORNRWURQL et al., 2012); greater impact on the 
KHDOWKRIWKHHOGHUO\FKLOGUHQDQGWKHSRRU0F0L-
chael, 2000); water scarcity for settlements, industry 
and society, possibly resulting in lower hydroelec-
WULFLW\ JHQHUDWLRQ SRWHQWLDO &DUPLQ et al., 2010); 
possible population migrations and relocation of 
LQIUDVWUXFWXUHHWF:LOEDQNV
These dangers are concentrated in a series of 
areas, among which the location of cities must be 
taken into consideration. For example, it is expected 
that human settlements and infrastructure located on 
coasts will be exposed to greater risks due to erosion 
and rising sea levels as a result of climate change, 
which will increase as a result of the pressure exer-
FLVHGE\KXPDQSUHVHQFH,3&&7KHLQIUD-
structure that may be affected includes sea-walls and 
esplanades, as well fresh water reserves available in 
coastal wetlands and aquifers due to the intrusion of 
VDOWZDWHU'XKDUW
$QWLFLSDWLQJWKHIXWXUHVHDOHYHOLQDVSHFL¿FDUHD
thus adds to the complexity of projecting the location 
of certain infrastructures, if one thinks, for example, 
³WRGD\¶VÀRRGLVWRPRUURZ¶VKLJKWLGH´7KLVPDNHV
VHQVHZKHQLWLVHVWDEOLVKHGWKDWFXUUHQWÀRRGLQJZLOO
be more frequent and long-lasting in the future, with 
consequences for coastal cities which will become 
LQDFFHVVLEOH IRUPXFKRI WKH\HDU 12$$
LQVWHDGRI WKHRFFDVLRQDOÀRRGLQJ WKDW WKH\ VXIIHU
today. A good example of the effect of climate change 
on coastal settlements is the village of Newtok, 
Alaska, which is now facing the need to relocate due 
to erosion of the coastline. This extreme measure is 
needed to prevent the population, which has lived on 
WKHVLWHIRURYHU\HDUVIURPEHLQJÀRRGHGRXW
EHFDXVHWKHLFHLVPHOWLQJ)HLIHODQG*UHJJ
In Mexico, a country which has made notable 
progress in climate change legislation, the Ley 
General de Cambio Climático establishes, among 
the most important measures for regulating urban 
planning, that by 2015 the country’s most vulnerable 
municipalities must draw up an urban development 
programme considering the effects of climate change 
/*&&  ,Q&KLOH WKH 3$1&&
&21$0$VWDWHVWKDWXUEDQSODQQHUVPXVW
consider climate change impact studies when draw-
ing up municipal regulatory plans, to avoid urban 
expansion in risk areas. This is expected to result 
in concrete actions with respect to funding during 
2012. The PANCC also states that by 2012 all or 
most public investment in infrastructure in urban and 
coastal zones must incorporate studies on the impact 
RIFOLPDWHFKDQJHZLWKSDUWLFXODUUHIHUHQFHWRÀRRG-
ing. The importance of incorporating this focus into 
urban planning is based on the fact that the risks are 
increased by inadequate land use planning, as occurs 
in urban expansion and development in zones with 
natural dangers, bad management and destruction of 
nature conservation areas, and population settlements 
DGMDFHQWWRZHWODQGVDQGWKHFRDVW'RGPDQ
Peña-Cortés et al., 2011; ONU-HABITAT, 2011).
The PANCC establishes a series of measures for 
adaptation to climate change in areas of Chile ear-
marked as priority development zones, where scien-
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WL¿FDQGWHFKQLFDOLQIRUPDWLRQLVUHTXLUHGWRHQDEOH
political and administrative decisions to be taken. 
On the subject of these measures we should mention 
the importance of concentrating on urban and coastal 
infrastructure, considering expansion of infrastruc-
ture and defense programmes to protect the popula-
tion in coastal and riverbank sectors. Furthermore, the 
capacity for prediction and response associated with 
GHVWUXFWLYHÀDVKÀRRGVIURPQDWXUDOFDXVHVVKRXOG
be improved in response to hydrological changes, 
and variations in hydrology should be considered in 
the design of bridges and waterworks infrastructure. 
Extreme climatic phenomena are expected to occur 
with greater frequency due to climate change, and 
may produce damage in urban zones and in major 
infrastructure: roads, bridges, ports, industrial zones 
and buildings. One of the measures established in the 
PANCC is the incorporation of results of the available 
studies on impacts of climate change into territorial 
planning instruments such as municipal regulatory 
SODQV&21$0$
Thus, in the light of the above, it is to be expected 
that cities will gradually incorporate climate change 
into their planning processes. Cities in the 21st centu-
ry will have to modify their planning policies consid-
erably to become ecologically sustainable, with plen-
ty of urban vegetation, gardens and horticulture, and 
with urban community transport and services that are 
RQDKXPDQVFDOHDQGUHVSHFWWKHHQYLURQPHQW0F-
Michael, 2000). However, it must not be forgotten 
that the impacts of climate change on cities will vary 
depending on their location and on variations in tem-
perature and precipitations, since there will be some 
geographical areas which will experience a rise or 
fall in temperature, and others which will be drier 
or wetter. All cities will be affected by this process 
0DWWKHZV
 $GDSWDWLRQ DQG PLWLJDWLRQ PHDVXUHV WR PHHW 
FOLPDWHFKDQJHLQFLWLHV
Many cities world-wide are already applying public 
policies in urban zones to enable their adaptation 
to the increasing negative consequences of this 
environmental phenomenon, and for mitigating or 
moderating the effects of climate change in cities 
ZKLFKDOUHDG\KDYHVSHFL¿FGHVLJQDQGSODQQLQJ
Adaptation is understood to mean the concrete 
measures adopted to reduce the negative effects of 
FOLPDWHFKDQJH,3&&,QWHUQDWLRQDORUJDQ-
isations stress the importance of urban planning in 
managing climate change, since well planned cities 
will offer greater resilience to climate change than 
cities which do not incorporate it into planning 
218+$%,7$7
Policies for adaptation to climate change in ur-
ban zones suggest a series of measures tending to 
mitigate the adverse effects of climate change on 
settlements and infrastructure. Territorial planning 
contributes key elements for improving the capacity 
of urban systems, by establishing standards for both 
LQIUDVWUXFWXUHGHVLJQDQGLQVWDOODWLRQ,3&&
Duarte et al., 2006). Based on the above, human 
settlements, and especially cities, must adapt to 
climate change in two ways. Firstly by generating 
PRUH HI¿FLHQW DQG HFRORJLFDO FRQVWUXFWLRQVZKLFK
help to reduce the causes of climate change, such as 
greenhouse gases, and secondly by adapting to the 
growing consequences and risks of climate change 
&RVWHOORet al., 2009).
In terms of territorial planning policies for 
adaptation linked to the promotion of particular 
infrastructure and design standards, the construc-
tion of houses with reduced water and electricity 
consumption should be mentioned. An example of 
this is Mexico, where the state, through its “green 
mortgages” programme, subsidises new houses, ex-
tensions or repairs for low income families who make 
use of eco-technologies, such as solar energy, which 
FRQWULEXWH WR WKHHI¿FLHQWXVHRIQDWXUDO UHVRXUFHV
and allow water, gas and electricity consumption 
WREHUHGXFHGE\PRUHWKDQ218+$%,7$7
2012). Another notable example of a country that is 
focusing on adaptation to climate change is Australia. 
7KHPHDVXUHVLGHQWL¿HGLQFOXGHUHYLVLQJUHGUDIWLQJ
and enforcing construction codes which take chang-
ing climatic conditions into account, and managing 
urban growth in climate-sensitive areas by zoning 
DQGUHJXODWLRQ1RUPDQ
Turning to climate change mitigation measures, 
there are examples of measures adopted in urban 
environments which can help to moderate the effects 
of both heat waves and the torrential rains which 
cause rainwater drainage systems to collapse; both 
phenomena are expected to become more intense and 
UHFXUUHQW LQPXFKRI WKHZRUOG ,3&&7KH
measures include the incorporation of green infra-
structure, e.g. porous surfaces. This method replaces 
solid surfaces, like concrete, with soft, permeable 
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ones like grass, which absorbs the water and helps 
to reduce the volume entering the drainage system 
during periods of rain. It also reduces the effects 
of heat islands through heat absorption, helping to 
cool the atmosphere, making this a positive feature 
for incorporation into open air car parks, streets and 
VTXDUHV 0DWWKHZV  ,Q ODUJH FLWLHV VXFK DV
Manchester, it is recognized that the incorporation 
of green infrastructure is the principal tool for com-
EDWLQJKHDWLVODQGV(($
The European Union has adopted a number 
of measures to halt the adverse effects of climate 
change, including increasing the water and energy 
HI¿FLHQF\RIEXLOGLQJVUHGXFLQJZDWHUOHDNVLQGUDLQV
QHWZRUNV DQG FDUU\LQJ RXW VFLHQWL¿F UHVHDUFK RQ
KRZWRUHGXFHGHVHUWL¿FDWLRQ(($,Q6LQ-
gapore, measures have been adopted for re-cycling 
wastewater on a large scale, using it for industrial 
DQGFRPPHUFLDOSXUSRVHVDQGLIKLJKO\SXUL¿HGIRU
KXPDQFRQVXPSWLRQ6KDZet al., 2007). Estimates 
by IPCC indicate that energy demand in cities will 
UHGXFHIRUKHDWLQJDQGLQFUHDVHIRUFRROLQJ,3&&
2007). Examples of this may be seen in Canada: the 
city of Toronto offers its inhabitants public “cooling 
centres”, installed in community and civic centres, 
where the most vulnerable population can attend to 
DYRLGKHDOWKGDPDJH5LFKDUGVRQ
2. Material and methods
This work consists of three methodological and 
analytic processes: bibliometric analysis, content 
analysis, and incorporation of indications for territo-
rial planning. A search was carried out in the Scopus 
KWWSZZZVFRSXVFRP:HERI.QRZOHGJHKWWS
DSSVLVLNQRZOHGJHFRP DQG 6FLHOR KWWSZZZ
scielo.org) databases for scientific publications, 
which included studies relating to climate change in 
Chile between 2000 and 2012. The search criterion 
was that articles should be linked to one of the fol-
lowing eight basic keywords: “cambio climático”, 
“cambio ambiental”, calentamiento global, “climate 
change”, “climatic change”, “environment change”, 
“global change” and “global warming”. These basic 
keywords were combined with words like “city” or 
“planning”, and all the searches included the word 
³&KLOH´7KH¿QDOJURXSDPRXQWHGWRFRPSRXQG
keywords in Spanish and English, singular and 
SOXUDODVLPLODUDSSURDFKPD\EHVHHQLQ3LQFKHL-
UD8OEULFK7DEOH,7KHFKRLFHRIWKHVHWZR
ODQJXDJHVZDVMXVWL¿HGE\WKHKLJKFRQFHQWUDWLRQRI
Table I. List of keywords relating to climate change in urban spaces in Chile used in three databases: Scopus, 
Web of Knowledge and Scielo.
Keywords in Spanish Keywords in English
1. “cambio climático” ciudad Chile 1. “climate change” city Chile
2. “cambio climático” ciudades Chile 2. “climate change” cities Chile
3. “cambio climático” urbanismo Chile 3. “climate change” town planning Chile
³FDPELRFOLPiWLFR´SODQL¿FDFLyQXUEDQD&KLOH 4. “climate change” urban planning Chile
5. “cambio ambiental” ciudad Chile 5. “climatic change” city Chile
6. “cambio ambiental” ciudades Chile 6. “climatic change” cities Chile
7. “cambio ambiental” urbanismo Chile 7. “climatic change” town planning Chile
³FDPELRDPELHQWDO´SODQL¿FDFLyQXUEDQD&KLOH 8. “climatic change” urban planning Chile
9. “calentamiento global” ciudad Chile 9. “environment change” city Chile
10. “calentamiento global” ciudades Chile 10. “environment change” cities Chile
11. “calentamiento global” urbanismo Chile 11. “environment change” town planning Chile
³FDOHQWDPLHQWRJOREDO´SODQL¿FDFLyQXUEDQD&KLOH 12. “environment change” urban planning Chile
13. “global change” city Chile
14. “global change” cities Chile
15. “global change” town planning Chile
16. “global change” urban planning Chile
17. “global warming” city Chile
18. “global warming” cities Chile
19. “global warming” town planning Chile
20. “global warming” urban planning Chile
Note: Compound words shown in inverted commas.
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publications on the subject in English, and the high 
SUREDELOLW\RI¿QGLQJSXEOLFDWLRQVLQ6SDQLVKRQWKH
country analyzed.
We subsequently analyzed the contents of the 
articles based on the following dimensions: type of 
research, geographical study area, research object, 
methods used and main results. Finally, based on 
the literature review and the additional selection of 
VRPHVFLHQWL¿FDQG WHFKQLFDOSXEOLFDWLRQVFKRVHQ
for their relevance and recent publication date, 
general indications for urban planning were drawn 
XS7DEOH,,
3. Results
7KHUHVXOWRIWKHVHDUFKZDVDWRWDORIVFLHQWL¿F
DUWLFOHVVHOHFWHGLQWKH¿UVWLQVWDQFHQLQHRIZKLFK
ZHUHGLVFDUGHGIURPWKH¿QDOFRQWHQWDQDO\VLVVLQFH
they did not contribute directly to the study subject 
*XKOet al., 2000; Jorquera et al., 2000; Schuller 
et al., 2004; Sommerhoff et al., 2004; Salinas et 
al., 2006; Celis et al., 2007; Borsdorf and Hidalgo, 
2008; Ghobakhlou and Sallis, 2008; Ortiz-Royero 
DQG5RVDOHV )RXUWHHQ DUWLFOHVZHUH¿QDOO\
selected from the search, which provided information 
on climate change and urban planning in Chile in the 
ODVW\HDUVWKHPDMRULW\RIWKHVHZHUH
SXEOLVKHGDIWHU7DEOH,,,
Ten works were case studies and four were re-
views, one of which analyzed the phenomenon of 
FOLPDWHFKDQJHGLUHFWO\%DUWRQ7KHUHVXOWV
show that due to the nature of the research problem, 
the subject ceases to be a national issue and the 
impacts of climate change on various Latin Amer-
ican cities are studied. The studies concentrated on 
6DQWLDJR &KLOH 6DR3DXOR %UD]LO DQG0H[LFR
&LW\0H[LFRDQGDOVRLQFOXGHWKHFLW\RI9DOGLYLD
7DEOH,,,
$PRQJWKHVWXG\REMHFWLYHVZH¿QGJUHDWHULQ-
terest in phenomena related to heat waves and urban 
heat islands, and their effects on the population. 
Both phenomena would increase death and disease 
LQDGYDQFHGDJHJURXSVDQGWKRVHZKRDUHFRQ¿QHG
DQGVLFNLQFLWLHVZLWKOLWWOHYHQWLODWLRQ%HOOet al., 
2008; McMichael, 2000). The research reviewed 
presents evidence of the vulnerability of popula-
tion to extreme climatic events, whether involving 
high or low temperatures, and exhibits a resulting 
LQFUHDVHLQPRUWDOLW\0F0LFKDHOet al., 2008), as 
well as health problems —respiratory, cardiac and 
sunstroke— among the most vulnerable population 
FKLOGUHQDQGWKHHOGHUO\%HOOet al. 2008).
The methods used in the research were princi-
pally quantitative, together with medium and long 
term projections for certain variables in the face of 
climate change. In particular, the following are ana-
lyzed: behaviour of water run-off in drought periods 
0OOHUDQG5HLQVWRUIWKHFXUUHQWVWDWHDQG
H[SHFWHGHYROXWLRQRIPRXQWDLQJODFLHUV%RGLQet 
al., 2010); the effects of high temperatures on the 
SRSXODWLRQ %HOO et al., 2008); the consequences 
of the reduction in respirable particulate matter 
associated with the mitigation of greenhouse gases 
&LIXHQWHVet al., 2001; Bell et al., 2006; Grass and 
Cane, 2008); an assessment of the effect produced by 
FLWLHVRQWKHDWPRVSKHUH0ROLQDDQG0ROLQD
and the incorporation of the risk focus in megacities 
.RSIPOOHU
Another important factor is changing land use, 
which could seriously affect the availability of drink-
ing water for city populations, with the consequent 
KHDOWKULVNV1~xH]et al., 2006; Bodin et al., 2010). 
,WLVDOVRIRXQGWKDWWKHVHPRGL¿FDWLRQVLQODQGXVH
patterns could affect urban infrastructure, as a result 
RISRVVLEOHÀRRGLQJ0RQWHQHJUR5RPHURDQG3HxD
&RUWpV0OOHUDQG5HLQVWRUI
In the light of these results, certain indications are 
suggested to help urban centers to adapt to climate 
change on the basis of territorial planning instruments. 
Table II. Selection of manuscripts as the basis for planning indications.
Type of bibliographic source Publication
Criteria and Chilean standards &RQDPD00$
Standards and International
Studies
'RXURMHDQQLDQG-RXUDYOHY,3&&+XQWDQG:DWNLVV318'
8OORD et al.  ))/ &DUULQJWRQ et al.  )HLIHO 
&RQYHQFLyQ$OSLQD218+$%,7$7
%RRNVDQGVFLHQWL¿FSDSHUV Moya et al. 6FKPLGWDQG/pEUH *ULPPRQG 0DWKH\et al. 
%DXPJDUGQHUet al.
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Table III. Summary of research works on global climate change and indications for urban planning.
Authors and type 
of research
Geographical area of 
study
Study objective Methods used Principal results Indications for urban planning
%DUWRQ
Bibliographical 
UHYLHZFDVHVWXG\
6DQWLDJR&KLOH Incorporate 
climate change 
considerations into 
strategic planning 
of cities and 
regions.
Review of international 
plans and experiences.
Review of technical 
documents issued by 
IPCC.1
Climate change adaptation 
processes must be integrated 
into existing decision-making 
structures, as well as territorial 
planning, resource management, 
risk management, etc.
To reduce the vulnerability2 of 
population to climate change the 
following must be considered: 
a) the impact is greater on the 
most economically vulnerable 
population; b) adaptation measures 
are found most frequently in 
higher income social groups; c) the 
WLPHKRUL]RQVDUHOLPLWHGVKRUW
term policies), making suitable 
DGDSWDWLRQPHDVXUHVGLI¿FXOW
GSHRSOHDUHFRQ¿GHQWWKDWWKH
international community will 
intervene in the event of natural 
disasters caused by climate change, 
leading to lack of local investment 
for events considered improbable.
Incorporate considerations of urban design in 
the face of climate change into standards and 
regulations for urban spaces. This requires a 
ODQGXVHSROLF\KRXVLQJGHQVLW\OLPLWDWLRQV
in high risk zones), which will include, for 
H[DPSOHQHZEXLOGLQJUHJXODWLRQVGUDLQDJH
networks that will withstand drastic increases 
in precipitations), insurance against disasters 
VXFKDVÀRRGLQJHWF,3&&
It must be ensured that the most vulnerable 
populations can participate actively in the 
development of their own action plans, with 
the support of local authorities and assistance 
agencies; this will help to reduce the risks of 
HYHQWVUHODWHGZLWKFOLPDWHFKDQJH218
HABITAT, 2011).
It is suggested that in view of the scarcity of 
research into adaptation of cities to climate 
change, case studies in other cities with 
similar locations and vulnerabilities should 
be considered, and transfer of the results 
VWXGLHG+XQWDQG:DWNLVV
Bell et al.
Case study
6DQWLDJR&KLOH6mR
3DXOR%UD]LO0H[LFR
&LW\0H[LFR
Investigate 
the health 
consequences of 
changes in the use 
of fossil fuels, in 
two scenarios, one 
maintaining current 
emissions and the 
other regulated 
according to 
emission control 
policies associated 
with climate 
change policy in 
the period 2000-
2020.
Analysis of current 
emissions of air 
pollutants.
Estimate the decrease in 
emissions of particulate 
matter by 10% annually.
Health statistics 
KRVSLWDODGPLVVLRQV
It is estimated that in the three 
cities, 60 000 hospitalizations due 
to respirable diseases, over 300 
000 visits by children and more 
than 700 000 visits for respiratory 
emergencies could be prevented. 
Savings of up to $165 billion 
dollars by 2020 are estimated for 
the three cities.
Generate local initiatives to reduce 
greenhouse gases; among the measures 
that can be implemented is the replacement 
RIHQHUJ\LQHI¿FLHQWSODQWVSURPRWLRQRI
UHQHZDEOHHQHUJ\e.g., Torres and Peña-
Cortés, 2010), updating and implementation 
RIHQHUJ\HI¿FLHQF\VWDQGDUGVLQEXLOGLQJV
increasing energy awareness and public 
education, and creating groups specialized in 
climate change that promote these practices 
LQFLWLHV&21$0$)HLIHO
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Bell et al.
Case study
Cities of Mexico 
0H[LFR6DR3DXOR
%UD]LODQG6DQWLDJR
&KLOH
Analyze the 
relationship 
between 
socioeconomic 
factors that 
determine the 
vulnerability of 
population to high 
temperatures.
Logistic regression 
analysis of 754 291 
deaths between 
1998 and 2002 and 
their relation with 
the variables of 
temperature, gender, age 
and level of education.
1RVLJQL¿FDQWGLIIHUHQFHVZHUH
found between genders in the 
number of deaths associated with 
high temperatures.
The probability of death due to 
high temperatures increases in 
WKRVHDJHGRYHUDYHUDJH
in all three cities.
Except for Sao Paulo, no 
differences between levels 
of education were found for 
vulnerability to heat.
Other effects that climate change may have 
on females must be assessed, principally 
related to sociocultural aspects and role 
distribution, for example discrimination 
and access to water, and heavier burden of 
DJULFXOWXUDOZRUN8OORDet al., 2008).
Awareness of the elderly age-group needs to 
be heightened in planning for urban spaces 
and public transport, e.g.KLJKUHÀHFWLYLW\
paint to reduce the temperature inside 
buses and other means of public transport 
*ULPPRQGWRPLWLJDWHWKHULVNV
to this population due to possible drastic 
temperature increases.
Assistance to urban residents, especially 
“vulnerable” persons, in adapting their 
behaviour and lifestyles to high temperatures 
218+$%,7$7
Map the areas most vulnerable to heat waves 
and establish mitigation measures. Changes 
in urban infrastructure and territorial 
regulation, increasing the amount of urban 
JUHHQDUHDV218+$%,7$7
More studies are required to relate 
educational level with vulnerability to heat in 
medium-sized cities.
Bodin et al.
Case study
Laguna Negra Basin, 
6DQWLDJR&KLOH
Describe the 
evolution and 
current state of the 
glaciological and 
geomorphological 
cryosphere in 
the basin, in 
order to assess 
its hydrological 
importance, since 
it is the main 
drinking water 
source for the city 
of Santiago during 
the summer period.
*HRPRUSKLF¿HOG
mapping, multi-
temporal analysis 
of orthophotos, 
temperature records.
Reveals a decrease of 44.7% of the 
glacier between 1955 and 1996.
There is an estimated loss of at 
least 3.8 million m3 of glacier 
ice per decade in the basin under 
study.
Promoting actions to protect these 
geographical areas including knowledge 
transfer and protection conventions, based on 
international agreements such as the Alpine 
&RQYHQWLRQ$OSLQH&RQYHQWLRQ
MMA, 2011).
Since it is not possible to stop the effects of 
climate change on glaciers, processes should 
promote adaptation measures such as the 
HI¿FLHQWPDQDJHPHQWRIZDWHUUHVRXUFHV
&21$0$00$
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Cifuentes et al. 
&DVHVWXG\
0H[LFR&LW\0H[LFR
6DQWLDJR&KLOH6mR
3DXOR%UD]LO1HZ
<RUN86
Evaluate the 
consequences 
of the decrease 
of respirable 
particulate matter 
30RQ
SHRSOH¶VKHDOWKDV
a factor related to 
the reduction of 
greenhouse gases 
emissions).
$QDO\VLVRIRI¿FLDO
statistics for respiratory 
diseases.
Projection scenario for 
reducing greenhouse 
JDVHV
Mitigation of 10% of the 
particulate matter associated with 
climate change policies could 
reduce premature deaths associated 
with air pollution by 64 000.
The authorities have a responsibility to 
deal with those activities that produce 
greenhouse gases emissions at the local level. 
Encouraging the reduction of particulate 
matter not only improves general welfare, but 
SXEOLF¿QDQFHVDOVRLPSURYHGXHWRVDYLQJV
LQKHDOWKWUHDWPHQWV218+$%,7$7
Ebert et al. 
Case study
6DQWLDJR&KLOH Check whether 
the occurrence 
RIÀRRGVRU
landslides is the 
result of natural 
and anthropogenic 
interactions and 
whether these risks 
are distributed 
according to 
socioeconomic 
factors.
Analysis of land use 
and land cover changes 
between the years 1992 
and 2002, through 
remote sensing.
Tests the hypothesis that 
SKHQRPHQDVXFKDVÀRRGVDQG
landslides are the result of natural 
and anthropogenic interactions. 
'RHVQRWFRQ¿UPWKHK\SRWKHVLV
that lower income populations 
are at increased risk of suffering 
the consequences of catastrophic 
events over wealthier households.
Incorporate risk management plans in urban 
DUHDVPRVWOLNHO\WREHDIIHFWHGE\ÀRRGV
and landslides. Among the measures to 
be incorporated into risk management is 
investing in mitigation projects, such as 
physical structures to contain landslides that 
FRXOGMHRSDUGL]HXUEDQVSDFHV&DUULQJWRQ
et al., 2010). In risk areas, encouraging the 
creation of parks, “buffer” zones, urban 
DQGSHULXUEDQIRUHVWU\'RXURMHDQQLDQG
Jouravlev, 1999). 
More research is needed on the relationship 
between income and risk because other 
research suggests a close relationship 
EHWZHHQWKHWZR318',3&&
Romero et al., 2010).
Grass and Cane 
&DVHVWXG\
6DQWLDJR&KLOH Identify the 
weather and 
air pollution 
associated with 
high mortality.
Evaluate the 
relative importance 
of weather 
and pollution 
concentrations in 
periods of high 
mortality.
Air pollution statistics 
and death statistics, data 
analysis using principal 
components.
Air pollution increases the causes 
of death produced by weather 
FRQGLWLRQVZLQWHUWHPSHUDWXUH
decrease).
Encourage public and private companies to 
reduce greenhouse gases in order to obtain 
EHQH¿WVLQUHODWLRQWRWHFKQRORJ\WUDQVIHU
DFFHVVWR¿QDQFLQJHWFWKURXJKWKH&OHDQ
Development Mechanism established in 
the Kyoto Protocol, by which developed 
countries sign agreements with developing 
countries to acquire CERs, allowing 
industrialized countries to meet their 
HPLVVLRQVUHGXFWLRQWDUJHWVDOVRFDOOHG
³FDUERQPDUNHW´6FKPLGWDQG/pEUH
CONAMA, 2008).
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-XQN
Literature review
South America Summarize the 
current state of 
knowledge on 
wetlands extent, 
distribution, 
vulnerabilities 
and security 
considering 
climate change 
scenarios.
Review of statistics 
provided by a 
specialized research 
center, review of 
wetlands protection 
policy.
Wetlands cover about 20% of 
South American territory; it is 
expected that a rise in temperatures 
will have a strong effect on the 
wetlands and the species that live 
there.
6WXGLHVDUHQHHGHGWRTXDQWLI\WKHEHQH¿WRI
wetlands and calculate the economic value 
they provide to their inhabitants, in order to 
facilitate discussion of their protection with 
political and interest groups.
:HWODQGVSURYLGHDQXPEHURIEHQH¿WVWR
urban environments, such as serving as 
QDWXUDOSURWHFWLRQVDJDLQVWÀRRGLQJVRIIHULQJ
WKH¿UVWOLQHRIGHIHQVHDJDLQVWWKHDFWLRQRI
hurricanes and severe storms; reducing the 
impact of high winds; storing up to 40% of 
the carbon produced by the planet; buffering 
the discharge of connected rivers from any 
heavy rains and providing drinking water to 
WKHSRSXODWLRQ0R\Det al., 2005).
.RSIPOOHUet al. 
/LWHUDWXUH
review, case study
6DQWLDJR&KLOH Incorporate the risk 
habitat megacity 
approach, which 
aims to assess 
the current risks 
in priority areas 
such as housing, 
drinking water, 
storm water 
drainage etc., 
and propose 
development paths.
Review of indicators of 
economic development, 
air quality, and land use 
management.
A decrease of up to 50% in the 
availability of potable water is 
expected by 2040, which could 
EULQJVLJQL¿FDQWFRQÀLFWVEHWZHHQ
different water-consuming sectors: 
agriculture, industry, and private 
households.
The protection of both underground and 
surface catchment should be promoted, 
avoiding activities that cause degradation 
or prevent the restoration of the ecosystem 
'RXURMHDQQLDQG-RXUDYOHY
McMichael et al. 
&DVHVWXG\
'HOKL,QGLD
Monterrey, Mexico City 
0H[LFR&KLDQJ0DL
%DQJNRN7KDLODQG
6DQ6DOYDGRU(O
6DOYDGRU6mR3DXOR
%UD]LO6DQWLDJR
&KLOH&DSH7RZQ
6RXWK$IULFD
/MXEOMDQD6ORYHQLD
%XFKDUHVW5RPDQLD
DQG6RSKLD%XOJDULD
Establish the 
vulnerability of 
urban populations 
to climatic events 
such as high and 
low temperatures 
in low and middle 
income cities 
in non-OECD 
member countries.3
Monitoring daily 
average temperatures 
using the autoregressive 
3RLVVRQPRGHOWZR
WR¿YH\HDUVHULHV
considering the seasons, 
relative humidity, air 
pollution, day of the 
week and holidays.
Mortality rates increase with colder 
temperatures in all cities except 
Ljubljana, San Salvador and New 
Delhi; the same happened when 
the heat rose in all cities except 
Chiang Mai and Cape Town.
Study the integration of “green 
LQIUDVWUXFWXUH´LQXUEDQSODQQLQJ0DWKH\et 
al., 2010; ONU-Habitat, 2011), incorporating 
vegetation to mitigate heat waves in urban 
areas by increasing circulation and humidity. 
Consider heat waves as a public health 
problem, thereby generating policy programs 
intended to prevent the consequences of these 
phenomena in the vulnerable population 
218+$%,7$7
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Table III. Summary of research works on global climate change and indications for urban planning.
Authors and type 
of research
Geographical area of 
study
Study objective Methods used Principal results Indications for urban planning
Molina and Molina 
/LWHUDWXUH
UHYLHZFDVHVWXG\
/RV$QJHOHV86
0H[LFR&LW\0H[LFR
7RURQWR&DQDGD'HOKL
,QGLD%HLMLQJ&KLQD
6DQWLDJR&KLOH6mR
3DXOR%UD]LO%RJRWi
&RORPELDDQG&DLUR
(J\SW
Evaluate the effect 
of large urban 
areas on the Earth’s 
atmosphere.
Review of research 
related to pollution and 
air quality of the cities 
studied.
Air pollution caused by industry, 
transport and heating has serious 
public health consequences and 
has the potential to contribute 
VLJQL¿FDQWO\WRFOLPDWHFKDQJH
&LWLHVVKRXOGLQFUHDVHWKHHQHUJ\HI¿FLHQF\
of urban structures, and have a land use 
plan that limits urban sprawl so as to 
reduce the need to travel. It should also 
increase adaptability by incorporating risk 
management measures in city planning 
instruments, investment in infrastructure, and 
clear policies for planning and construction 
218+$%,7$7
0OOHUDQG
5HLQVWRUI
Case study
6DQWLDJR&KLOH Identify potential 
land use and land 
cover in a river 
EDVLQ6DQ5DPyQ
River) with regard 
to its run-off 
behaviour and 
its effects on the 
adjacent urban area 
HDVWHUQ6DQWLDJR
Hydrological modelling 
+(&+06
Analysis of climate 
change predictions. 
Interviews with 
specialists. 
Analysis of zoning laws.
The changing pattern of land 
XVHLQWKHULYHUEDVLQHLWKHU
anthropogenic or due to climate 
change) after prolonged periods 
RIGURXJKWSURGXFHVKLJKHUÀRRG
risks that may affect adjacent 
urban areas.
Integrate periurban areas into territorial 
SODQQLQJSURFHVVHVDVWKHVHVSDFHVLQÀXHQFH
WKHUXQRIIUHJLPHRIULYHUVÀRZLQJLQWR
human settlements. Among the measures 
that can be implemented is the incorporation 
of vegetation and reforestation, not only 
to mitigate storm water run-off but also to 
PLWLJDWHKHDWLVODQGHIIHFWV%DXPJDUGQHU et 
al., 2012). 
Developing land use planning; incorporating 
an ecological approach to human settlements 
DQGWRWKHGH¿QLWLRQRIODQGXVH))/
Núñez et al. 
Case study
 
9DOGLYLD&KLOH
 
Determine the 
economic value 
of the temperate 
forests of Chile 
in maintaining 
the production 
of drinking 
water for human 
consumption.
 
Economic valuation 
using the production 
function approach.
 
The decrease in water supply 
resulting from the conversion of 
native forests to other land uses 
can have serious negative effects 
on the availability of potable 
water.The estimated value per 
cubic meter of water produced by 
temperate forest is US$0.066 in the 
summer and US$0.025 during the 
rest of year.4
The conservation of peri-urban and protected 
areas or areas covered by native forest 
becomes relevant to the notably decreased 
rainfall in southern Chile in recent decades 
&21$0$DQGWRWKHFOLPDWH
change scenario; the protection of river 
basins is crucial for the supply of drinking 
water, vital for urban development. 
*HQHUDWHZDWHUHI¿FLHQF\SODQVDQGUHGXFH
losses in the water distribution system in 
XUEDQDUHDVOHDNVLUULJDWLRQPHWKRGV
maintenance). According to ONU-HABITAT 
ZDWHUVWUDWHJ\VKRXOGFRQVLVWLQ
losing less, using less, demanding more and 
developing new resources.
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of research
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study
Study objective Methods used Principal results Indications for urban planning
Romero et al. 
&DVHVWXG\
6DQWLDJR&KLOH Establish the 
relationship 
between thermal 
areas and the 
socioeconomic 
conditions of the 
population.
Monitoring 
temperatures in 
downtown Santiago 
PXQLFLSDOLWLHV&HUULOORV
and Peñalolén).
Analysis of socio-
economic statistics, 
including education 
of the head of the 
household and the 
possession of a set of 
JRRGVFODVVL¿FDWLRQ
proposed by Adimark 

Spaces inhabited by lower-
middle and low socioeconomic 
groups tend to concentrate higher 
temperatures and poor land cover 
OHVVYHJHWDWLRQ
The upper and middle 
socioeconomic groups have higher 
land cover and lower temperatures.
Planning instruments such as PLADECOS, 
regulatory plans, etc., should take into 
consideration the maintenance and creation 
of green areas. This reduces the vulnerability 
of the population to climate change, 
particularly in low-income socio-economic 
groups.
1IPCC: Intergovernmental Panel on Climate Change.
29XOQHUDELOLW\LVGH¿QHGDVWKHGHJUHHRIVXVFHSWLELOLW\RULQDELOLW\RIDV\VWHPWRDGGUHVVWKHDGYHUVHHIIHFWVRIFOLPDWHFKDQJHDQGLQSDUWLFXODUWKHYDULDELOLW\RIZHDWKHUDQG
H[WUHPHHYHQWV9XOQHUDELOLW\LVDIXQFWLRQRIWKHFKDUDFWHUPDJQLWXGHDQGUDWHRIFOLPDWHFKDQJHWRZKLFKDV\VWHPLVH[SRVHGDQGLWVVHQVLWLYLW\DQGDGDSWLYHFDSDFLW\,3&&
2007).
3OECD: Organization for Economic Cooperation and Development. Per capita income of the cities under study range between $440 and $9,780 annually, compared with $21,410 in 
GHYHORSHGFRXQWULHVOLNH(QJODQG¿JXUHV
47RH[SUHVVWKHUHVXOWVLQGROODUVWKHDYHUDJHH[FKDQJHUDWHUHSRUWHGE\WKH&HQWUDO%DQNRI&KLOH for the study period, equal to $615 Chilean pesos per dollar, was used. 
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7KHPHDVXUHVLGHQWL¿HGLQFOXGHHIIHFWLYHO\LQ-
corporating the possible impacts of climate change 
into municipal regulatory and development plans 
3ODQHVGH'HVDUUROOR&RPXQDO3/$'(&26DQG
LQJHQHUDOLQWRWHUULWRULDOSODQQLQJLQVWUXPHQWV
increasing green areas to mitigate the impacts of heat 
ZDYHVOLPLWLQJFRQVWUXFWLRQRIKRXVLQJRUSXEOLF
VHUYLFHVLQULVNVHFWRUVe.g.SRWHQWLDOÀRRG]RQHV
HQFRXUDJLQJWKHGHVLJQRIDGDSWDWLRQSODQVWKDW
LQFOXGHYXOQHUDEOHSRSXODWLRQDQGLPSOHPHQW-
ing water conservation measures, for example by 
protecting native forests in basins and reducing the 
ORVVHVLQZDWHUGLVWULEXWLRQV\VWHPOHDNVLUULJDWLRQ
PHWKRGVPDLQWHQDQFH7DEOH,,,
4. Discussion
Research on climate change has developed rapidly 
during the 20th and 21st centuries; bibliometric 
analyses show the production of just one work in 
1907, rising to 862 articles in 2009. Of these, 98% 
DUHZULWWHQLQ(QJOLVK/Let al., 2011).
In Chile, the concern of scientists over climate 
change in urban environments has received little 
attention. Almost all of the articles reviewed were 
published after 2008. Recent studies show that, 
worldwide, the majority of studies come from the area 
of natural sciences, hence the interest in the physical 
and biological aspects of the phenomenon. In this 
framework, research on urban spaces has advanced 
OHVV %|OO /Let al., 2011). For this reason, 
and considering that cities are the principal habitats 
of humanity as well as the centers of economic and 
SROLWLFDODFWLYLW\LWLVVWULNLQJWKDWVFLHQWL¿FSURMHFWV
and research work in the area of climate change have 
QRW \HW UHFRJQL]HG WKHLU GXH LPSRUWDQFH 3$1&&
>&21$0$ @ (VWXGLR GH OD9DULDELOLGDG
&OLPiWLFDHQ&KLOHSDUDHO6LJOR;;,>&21$0$
Departamento de Geofísica de la Universidad de 
&KLOH@DQG/DHFRQRPtDGHOFDPELRFOLPiWLFR
HQ&KLOH>&(3$/@
,QWHUQDWLRQDO RUJDQL]DWLRQV 218+$%,7$7
2011) stress the importance of urban planning in 
managing climate change, since well planned cities 
will offer greater resilience to climate change than 
cities which do not incorporate this issue into their 
SODQQLQJ1HYHUWKHOHVV VFLHQWL¿F UHVHDUFKZRUNV 
in the area of territorial and urban planning are 
scarce in Chile. Those that exist are centralized 
on the national capital, while the consequences of 
climate change in medium-sized or coastal cities 
are unknown. This situation is similar to that which 
occurred initially in developed countries, including 
&DQDGDZKHUHDW¿UVWDWWHQWLRQRQFOLPDWHFKDQJH
concentrated on research into climate models and 
the development of scenarios, as well as on collab-
oration between scientists; in this initial stage less 
importance was given to generating explicit actions 
IRUFLWLHVWRDGDSWWRFOLPDWHFKDQJH'LFNLQVRQDQG
Burton, 2011). 
The importance of using territorial planning lies 
in the promotion of certain infrastructures and design 
standards that help cities mitigate and adapt to the 
effects of climate change. One of the urban planning 
measures that can help to achieve these objectives is 
the construction of dwellings that save on water and 
electricity consumption. In Mexico for example, the 
state subsidises new houses, extensions or repairs 
for low-income families making use of eco-tech-
nologies through its “green mortgages” programme 
218+$%,7$7
In this context, Chile should give timely consid-
eration to concrete actions in the framework of a 
consistent public policy, since a large number of 
the country’s urban spaces lie in coastal areas. If we 
also consider that inhabitants with medium and low 
income tend to live in environmentally less favoured 
VHFWRUV 5RPHUR et al., 2006; Peña-Cortés et al., 
2009), we may conclude that the increasing severity 
of climate change will pose increased risks for these 
social groups. The consequences of this phenomenon 
therefore will not be equally distributed across so-
ciety, since poorer populations will suffer its effects 
HDUOLHUDQGPRUHLQWHQVHO\6WHUQ
Among the predicted consequences in urban spac-
es are reduction in drinking water supplies, increase 
in heat waves, increase in torrential rainstorms, more 
frequent and longer periods of drought, and a rise 
in sea level. Heat waves and urban heat islands are 
inter-related; heat waves are associated with low wind 
speeds and high humidity over large geographical 
areas, exposing the population to high temperatures 
218+$%,7$7ZKLOHKHDWLVODQGVDUHGH-
¿QHGDV³H[FHVVLYHKHDWJHQHUDWHGLQDQXUEDQHQYL-
URQPHQWGXHWRKXPDQDFWLYLW\´&DSHOOLGH6WHIIHQV
et al., 2001). Heat islands are associated mainly with 
downtown areas and are caused by the elimination of 
SODQWFRYHUDQGWKHLQWURGXFWLRQRIDUWL¿FLDOHOHPHQWV
like concrete and asphalt. The obstruction of fresh 
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breeze causes temperatures to remain higher, with 
differences of 10 °C or more above the surrounding 
DUHDV(($7KLVSKHQRPHQRQLVQRWQHFHVVDU-
ily limited to large cities; even small towns of 1000 
LQKDELWDQWVPD\EHDIIHFWHG/Let al., 2004).
The most important phenomena may be drought 
and high temperatures, given their implications for 
electricity provision, and for water supplies to eco-
ORJLFDODQGKXPDQV\VWHPV,3&&$UHGXFWLRQ
in the quantity and quality of drinking water may 
have a secondary effect on energy for heating and 
refrigeration, and an increase in the tariffs for both 
water and electricity, due to reduced water levels in 
reservoirs. For example, in Europe this might affect 
the production capacity not only for hydroelectricity, 
but also nuclear energy due to the need for abundant 
ZDWHUWRFRROWKHUHDFWRUV(($
Chile is considered to be one of the countries 
with greatest economic and social inequalities in the 
ZRUOG2&'(&(3$/(PPHULFK ,I
we add the fact that most vulnerable social groups 
occupy the highest risk areas —for example along 
ULYHUEDQNVZKHUHWKH\DUHH[SRVHGWRÀRRGLQJRU
areas that suffer frequent and prolonged periods of 
drought, which in turn have a greater effect on more 
vulnerable families— it may be concluded that the 
increasing severity of climate change brings greater 
ULVNV WR WKHVH VRFLDO JURXSV LQ WKH FRXQWU\ 6WHUQ
2007). 
It would be interesting to investigate or assess 
whether Chilean indigenous communities possess 
traditional knowledge that may help them in dealing 
with climate change, in order to learn about and sup-
port this knowledge, as is happening with the Inuit 
LQ&DQDGD1XQDYXW*RYHUQPHQW
5. Final considerations
Climate change will produce a series of effects on 
urban environments and their inhabitants. To meet 
these challenges it is vital to have updated local 
studies of its potential effects. The present work 
UHSRUWVWKHVPDOOQXPEHURIVFLHQWL¿FSXEOLFDWLRQV
relating to climate change in urban spaces in Chile, 
and points to the fact that those which exist, are 
concentrated mainly on the city of Santiago. It 
is therefore necessary to extend research to other 
regions and medium-sized cities, so that results 
can be incorporated into future territorial planning 
instruments, as occurs in London and New York 
+XQWDQG:DWNLVV,WLVDOVRQHFHVVDU\WRLQ-
vestigate to what extent the PANCC considerations 
&21$0$DUHLQFRUSRUDWHGLQWRPXQLFLSDO
regulatory plans. 
There is an urgent need for studies to establish 
physical and social vulnerability in urban spaces, 
DQGWKXVH[SRVHZKLFKGLVWULFWVRUWHUULWRULHVPD\
be most affected by this process in the medium term, 
and identify priorities and adaptation measures. For 
example, an effective measure in cities affected by 
heat islands in summer due to the scarcity of green 
areas would be the incorporation of “green roofs” 
into public infrastructure and other buildings. These 
roofs are totally or partially covered with vegetation, 
which retains up to 75% of rainwater and can cool 
the surrounding space by between 3° and 11°, reduc-
ing the need for air conditioning inside the building 
&DUPLQet al., 2010). 
Urban planning that seriously considers adapta-
WLRQWRFOLPDWHFKDQJHLQ&KLOHRU/DWLQ$PHULFD
UHTXLUHVWKHDGRSWLRQRIDVHULHVRIVWUXFWXUDOe.g., 
green infrastructure) and non-structural measures 
e.g., education), and even the possibility of relocat-
LQJKXPDQVHWWOHPHQWV1RUPDQ)RUH[DPSOH
coastal defenses and hydroelectric plants should take 
into account future rainfall conditions; likewise, 
bridges must be designed to resist possible drastic 
LQFUHDVHVLQSUHFLSLWDWLRQVDQGZDWHUÀRZV/HYLQH
and Encinas, 2008). The Confederation Bridge, which 
joins Prince Edward Island to continental Canada, is 
considered to be the most cited example of adaptation 
to climate change in infrastructure, being designed to 
withstand a rise in sea level of more than one metre 
*UHJJ+RZHYHUWKHVHVWUXFWXUDOPHDVXUHV
make no sense to the community if its members are 
not properly informed. The State must therefore en-
sure the transfer of knowledge from the political-sci-
HQWL¿FZRUOGE\PHDQVRIHGXFDWLRQ/RUDQG%ULW]
2007; Monroy-Concha and Pincheira-Ulbrich, 2013). 
,QWKLVZD\HGXFDWLRQFDQLQÀXHQFHSROLF\GHVLJQ
facilitate local governability and improve the orga-
nizational control and responsibility of institutions 
'XKDUW
Studies carried out in the Biobío and Araucanía 
regions conclude that the regulatory plans of a large 
percentage of municipalities are currently out of 
GDWHHVSHFLDOO\LQWKH$UDXFDQtDUHJLRQ6DQKXH]D
and Peña-Cortés, 2010; Gutiérrez and Peña-Cortés, 
2011). This brings an opportunity for the incorpora-
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tion of a focus on climate change adaptation when 
the plans are updated, which in turn will help to 
design more resilient districts with greater capacity 
to withstand the expected impacts of climate change. 
6. Conclusions 
7KLVZRUNUHSRUWVWKHVFDUFLW\RIVFLHQWL¿FUHVHDUFK
UHODWLQJWRFOLPDWHFKDQJHLQXUEDQ]RQHVRI&KLOHDQG
Latin America in general); only 14 publications were 
recorded during the study period, 70% of which are 
UHFHQW,QJHRJUDSKLFDOWHUPVZHUH
related to Santiago and only one to the city of Valdivia. 
The review shows there is greater interest in 
analyzing subjects related to the vulnerability of 
SRSXODWLRQWRKLJKWHPSHUDWXUHVWKUHHZRUNVDQG
GHWHUPLQLQJWKHFDXVHVRIÀRRGVDQGODQGVOLGHVWZR
works). On the other hand, there is a lesser interest in 
studies associated with the effects of respirable partic-
ulate matter, the care and maintenance of peri-urban 
areas, and the role of temperate forests in contributing 
to the production of drinking water if precipitations 
should diminish. Only one study suggests the need 
to incorporate climate change as an element of city 
and regional planning. 
7KHLQGLFDWLRQVIRUXUEDQSODQQLQJLQFOXGH
effectively incorporatimg the possible impacts of 
climate change into municipal regulatory plans and 
municipal development plans, and in general into 
WHUULWRULDOSODQQLQJLQVWUXPHQWVLQFUHDVLQJJUHHQ
DUHDVWRPLWLJDWHWKHLPSDFWVRIKHDWZDYHVOLP-
iting construction of housing or public services in 
ULVNVHFWRUVe.g.SRWHQWLDOÀRRG]RQHVHQFRXU-
aging the design of adaptation plans that involve the 
YXOQHUDEOHSRSXODWLRQDQGLPSOHPHQWLQJZDWHU
conservation measures, for example by protecting 
native forests in basins and reducing the losses in the 
ZDWHUGLVWULEXWLRQV\VWHPOHDNVLUULJDWLRQPHWKRGV
maintenance). For the above mentioned adaptation 
measures to be effective, it is necessary to include the 
vulnerable population in these processes in order to 
reduce the risks of events related to climate change. 
)LQDOO\LWLVHVVHQWLDOWRJHQHUDWHVFLHQWL¿FUHVHDUFK
which will provide timely information for its incorpo-
ration into plans for the renovation and re-urbanization 
of settlements, since decisions taken today on these 
issues will affect the quality of life of populations 
which inhabit —or will inhabit— these urban spaces. 
In the medium term, decision-makers will not be able 
to remain uninvolved in this global process. 
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